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Background. Tuberculosis infection (TBI) and TB disease (TBD) incidence remains poorly described following household
contact (HHC) rifampin-/multidrug-resistant TB exposure. We sought to characterize TBI and TBD incidence at 1 year in
HHCs and to evaluate TB preventive treatment (TPT) use in high-risk groups.

Methods. We previously conducted a cross-sectional study of HHCs with rifampin-/multidrug-resistant TB in 8 high-burden
countries and reassessed TBI (interferon-gamma release assay, HHCs aged >5 years) and TBD (HHCs all ages) at 1 year. Incidence
was estimated across age and risk groups (<5 years; >5 years, diagnosed with human immunodeficiency virus [HIV]; >5 years, not
diagnosed with HIV/unknown, baseline TBI-positive) by logistic or log-binomial regression fitted using generalized estimating
equations.

Results. Of 1016 HHCs, 850 (83.7%) from 247 households were assessed (median, 51.4 weeks). Among 242 HHCs, 52 tested
interferon-gamma release assay-positive, yielding a 1-year 21.6% (95% confidence interval [CI], 16.7-27.4) TBI cumulative
incidence. Sixteen of 742 HHCs developed confirmed (n = 5), probable (n = 3), or possible (n=_8) TBD, yielding a 2.3% (95%
CI, 1.4-3.8) 1-year cumulative incidence (1.1%; 95% CI, .5-2.2 for confirmed/probable TBD). TBD relative risk was 11.5-fold
(95% CI, 1.7-78.7), 10.4-fold (95% CI, 2.4-45.6), and 2.9-fold (95% CI, .5-17.8) higher in age <5 years, diagnosed with HIV,
and baseline TBI high-risk groups, respectively, vs the not high-risk group (P=.0015). By 1 year, 4% (21 of 553) of high-risk
HHCs had received TPT.

Conclusions. TBIand TBD incidence continued through 1 year in rifampin-/multidrug-resistant TB HHCs. Low TPT coverage
emphasizes the need for evidence-based prevention and scale-up, particularly among high-risk groups.

Keywords. household contacts; multidrug-resistant tuberculosis; tuberculosis infection; tuberculosis disease; tuberculosis
preventive treatment.

Despite being preventable, 10.6 million individuals develop tu-
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berculosis disease (TBD) yearly [1]. Breaking the cycle of trans-
mission and identifying those at risk of TBD, including
multidrug-resistant TB (MDR TB), are both critical to ending
the global TB epidemic. Unfortunately, the prevalence of
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MDR TB infection is increasing, particularly among children
and young adults [2]. Prevention of TB in household contacts
(HHCs) of people with MDR TB, defined as resistance to rifam-
pin and isoniazid, is a particular challenge.
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Tuberculosis preventive treatment (TPT) seeks to preempt TBD
development through targeted preventive chemotherapy. Standard
TPT for HHCs of drug-sensitive TB, consisting of isoniazid-based
and/or rifamycin-based regimens, reduces progression to TBD [3].
The optimal regimen for MDR TB HHCs is not well defined given
the lack of randomized controlled trials; therefore, the World
Health Organization has provided only a conditional recommen-
dation for TPT in high-risk MDR TB HHCs, based largely on ob-
servational data [3, 4]. High-risk HHC populations include
children aged <5 years, people with human immunodeficiency
virus (HIV; PWH), individuals on immunosuppressive therapy,
and individuals with TBI [3, 5-7]. Furthermore, TPT uptake in
low- and middle-income countries (LMICs) has been limited
due to required infrastructure, costs, and side effects of available
regimens [8-10].

Given existing clinical equipoise and challenges with imple-
mentation of widespread TPT, high-quality data on TBI and
TBD incidence among HHCs of MDR TB are needed to inform
epidemiological models, randomized clinical trials of TPT and
candidate vaccines, and national TB programs. Our Protecting
Households On Exposure To Newly Diagnosed Index
(PHOENIx)
Feasibility Study team previously reported a high baseline

Multidrug-Resistant ~ Tuberculosis ~ Patients
TBI prevalence of 72% (by interferon-gamma release assay
[IGRA] or tuberculin skin test [TST]) and a 12% TBD preva-
lence among child and adult HHCs of recently diagnosed adult
rifampin-resistant (RR)/MDR TB index cases [11]. Here, we re-
port 1-year outcomes, namely, the 1-year TBI and TBD inci-

dence following initial baseline evaluation.

METHODS

Study Design and Population

Between October 2015 and March 2016, recently routinely di-
agnosed and treated adults with RR/MDR TB and their child
and adult HHCs were enrolled in the PHOENIx Feasibility
Study at 16 National Institutes of Health—-funded AIDS
Group/International Pediatric
Adolescent AIDS Clinical Trials Network study sites in
Botswana, Brazil, Haiti, India, Kenya, Peru, South Africa, and

Clinical Trials Maternal

Thailand, as previously detailed [11]. Additional information
on index case and HHC eligibility is provided in the
Supplementary Material. HHC participants were reenrolled
to a single 1-year follow-up visit to estimate the 1-year inci-
dence of TBI and TBD; analyses included those who died prior
to the 1-year visit. There was no follow-up of participants in be-
tween the baseline and 1-year visit.

Study Procedures

Tuberculosis Screening Among Household Contacts
Sociodemographic and clinical data were collected at baseline
study enrollment. At baseline and 1 year, all HHCs were

evaluated using a symptom questionnaire and chest radiography
(CXR) and underwent respiratory sample collection for acid-fast
bacilli (AFB) smear, GeneXpert MTB/RIF (Cepheid, Sunnyvale,
CA), and Mycobacterium tuberculosis culture (gastric aspirate
from children) as clinically indicated. HHCs with a negative/inde-
terminate baseline IGRA (by QuantiFERON Gold or
Gold-In-Tube)  underwent  QuantiFERON  Gold or
Gold-In-Tube (Qiagen, Venlo, The Netherlands) testing at 1 year.

Outcomes and Definitions

The primary outcomes were the 1-year incidence of TBI and
TBD. Incident TBI was defined as IGRA conversion among
HHCs aged >5 years with a baseline negative or indetermi-
nate IGRA result. Children aged <5 years were excluded
from the analysis of TBI (but not TBD), as current guidelines
in high-burden settings recommend TPT regardless of TBI
status and the IGRA was not yet approved for use in those
aged <5 years. The positive IGRA threshold was set per man-
ufacturer instructions [12]. Incident TBD was defined as any
confirmed, probable, or possible event (as per expert review
described in the Supplementary Material) between enrollment
and the 1-year evaluation among HHCs with a negative base-
line TBD evaluation. Confirmed TBD was defined as bacterio-
logically confirmed via liquid or solid culture or rapid
molecular tests and either symptoms of TBD or CXR sugges-
tive of TB (for children aged <15 years). Probable TBD was
defined as symptoms compatible with TB and either AFB
smear positivity or CXR suggestive of TB. Possible TBD in
children aged <15 years was defined as symptoms compatible
with TBD, being AFB-positive, or having a CXR suggestive of
TBD. HHCs were classified into the following mutually exclusive
high-risk groups at enrollment: age <5 years (regardless of
baseline TBI or HIV status); age >5 years and diagnosed with
HIV (regardless of baseline TBI status); and age >5 years, not
diagnosed with HIV or unknown, and baseline TBI-positive
(by IGRA or TST). All others were considered not high-risk.

Statistical Analyses

Descriptive statistics were used to describe study population
characteristics, and differences were assessed by a score test us-
ing the generalized estimating equations (GEE) approach.
Proportions with 95% confidence intervals (CIs) were estimat-
ed using logistic regression, fitted using the GEE approach to
account for clustering among HHCs within the same house-
hold [13]. Using a 4-level categorical variable to define 3 high-
risk and not high-risk groups, we used log-binomial regression
fitted using a GEE approach to estimate relative risks with HHC
who were not high-risk as the reference group. Wald 95% Cls
were estimated using empirical standard errors. Testing was
2-sided and considered significant at the 5% level based on
score tests (SAS, Version 9.4, Cary, NC).
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Ethics Statement

Written informed consent or assent was obtained for 1-year TB
evaluations from all HHCs and their parents/caregivers for
children aged <18 years. The study was approved by all local
institutional review boards/ethics committees and partnering
US institutions. Two study sites (in Brazil and Kenya) did not
receive approval to enroll HHCs aged <18 years.

RESULTS

Characteristics of Household Contacts at 1 Year

Of 1016 HHC:s enrolled at baseline from 308 RR/MDR TB index
cases, 850 (83.7%) participants from 247 households were as-
sessed at the 1-year visit, including 6 individuals who had died
(n =2 TB-related; Figure 1). Of the 166 individuals not included
in the 1-year follow-up, the majority had moved (n=>59), de-
clined to participate (n=>53), or could not be contacted (n=
36). Follow-up TB evaluations occurred at a median of 51.4 weeks
(interquartile range [IQR], 43.3-67.7) after initial study entry.
The median baseline age of HHCs among those included in the
1-year visit was 25 years (IQR, 11-43); 59% were assigned female
sex at birth; and the majority were from South Africa (41%), India
(22%), and Peru (21%; Table 1). Seventy-five percent (641 of 850)
were high-risk (age <5 years, diagnosed with HIV, or diagnosed
with TBI). HHCs at the 1-year follow-up were comparable to
HHC:s at initial study entry by age, sex, and risk group. Those
with self-reported diabetes, daily alcohol consumption, or sub-
stance use at baseline were less likely to be assessed at 1 year.
There was a significant difference by country, with those in
Haiti and South Africa less likely to be evaluated at 1 year
(P <.01). Supplementary Table 1 shows that the proportions as-
sessed at 1 year were similar by age, HIV status, and risk group.
The proportion of HHCs assessed by site was heterogeneous
(40.7% to 100%; Supplementary Table 2).

1-Year Incidence of Tuberculosis Infection

Overall, 242 HHCs from 131 households were at risk for inci-
dent TBI (negative/indeterminate baseline IGRA, excluding
children aged <5 years; Figure 1). Of these, 52 had IGRA con-
version at 1 year, yielding a 1-year TBI cumulative incidence of
21.6% (95% CI, 16.7-27.4; Figure 2A, 2B). Incident TBI was sig-
nificantly higher among adolescents and adults (>15 years)
compared with children aged 5 to <15 years (25.5%; 95% CI,
19.3-32.8 vs 10.9%; 95% CI, 5.5-20.1; P =.007). TBI incidence
increased with age group, with 10.9% in children aged 5 to
<15 years (95% CI, 5.5-20.1), 23.8% in those aged 15 to <45
years (95% CI, 17.3-31.9; P=.021), and 27.1% in those aged
>45 years (95% CI, 17.1-40.2; P =.024). There was no signifi-
cant difference by HIV status (PWH, 22.1%; 95% CI, 11.9-37.3
vs not diagnosed with HIV/unknown, 21.5%; 95% CI, 16.4-
27.7; P =.095; Figure 2B). We observed no sex-specific differ-
ences in TBI incidence (Supplementary Table 3).

1-Year Incidence of Tuberculosis Disease

Overall, 742 HHCs from 243 households were at risk for incident
TBD at 1 year (negative baseline TBD evaluation; Figure 1), in-
cluding 553 high-risk contacts (n=57 aged <5 years, n=46
PWH, and n = 450 TBI-positive at baseline). We identified 16 in-
cident TBD events (8 diagnosed through routine care before the
1-year visit and 8 during the 1-year evaluations), yielding an over-
all TBD cumulative incidence of 2.3% (95% CI, 1.4-3.8; Figure 2C,
2D). The TBD cumulative incidence was significantly higher in
children (aged <15 years) compared with adolescents/adults
(4.9%; 95% CI, 2.6-9.2 vs 1.3%; 95% CI, .6-2.6; P=.023). There
were 5 cases of confirmed, 3 cases of probable, and 8 cases of pos-
sible TBD. All 8 possible TBD cases were classified based on symp-
toms, and none had a positive smear or suggestive CXR. Excluding
possible TBD, the confirmed/probable TBD cumulative incidence
was 1.1% (95% CI, .5-2.2). High-risk HHCs contributed 15 of 16
TBD events, with confirmed TBD accounting for 5 of 7 events in
adolescents/adults (aged >15 years) and possible TB accounting
for 8 of 9 events among children aged <15 years. Among the 5
confirmed TBD cases, 3 had drug-susceptibility data reported,
with all resistant to isoniazid and rifampin. The TBD 1-year cu-
mulative incidence was significantly higher in high-risk contacts
compared with not high-risk (2.7%; 95% CI, 1.6-4.4 vs 0.5%;
95% CI, .1-3.7; P=.006), particularly among children aged
<5 years (7.0%; 95% CI, 2.7-17.0; P=.012) and PWH (6.8%;
95% CI, 2.2-19.2; P=.002; Figure 2D). Among those with TBI,
1.8% (8 of 442; 95% ClI, .9-3.5; P = .25) progressed to active disease
by 1 year. HHCs with HIV had a higher estimated cumulative in-
cidence of TBD than those not living with HIV/unknown, but the
difference was not statistically significant (6.6%; 95% CI, 2.1-18.8
vs 1.9%; 95% CI, 1.1-3.2; P=.21). The relative risk of TBD was
11.5-fold (95% CI, 1.7-78.7) and 10.4-fold (95% CI, 2.4-45.6)
higher in children aged <5 years and HIV + high-risk groups, re-
spectively, compared with not high-risk HHCs (Table 2). The es-
timated relative risk of TBD in the high-risk TBI group compared
with not high-risk HHCs was increased at 2.9 but was not statisti-
cally significant (95% CI, .5-17.8). Overall, there was a signifi-
cantly higher relative risk of TBD in the high-risk groups vs not
high-risk HHCs (P =.0015).

Use of Tuberculosis Preventive Treatment

Among 553 high-risk contacts at risk for incident TBD at follow-
up (no TBD identified during baseline review), 21 (4%) reported
receiving TPT at or between enrollment and the 1-year visit (19 of
these had discontinued TPT before the 1-year visit), 528 never re-
ceived TPT, and 4 had unknown TPT status (Table 3). Within the
high-risk groups, 11 of 55 (20%) aged <5 years, 6 of 45 (13%)
PWH, and 4 of 449 (1%) with TBI received TPT. TPT regimens
included isoniazid monotherapy (n = 12), isoniazid/levofloxacin/
ethambutol (n = 5), isoniazid/moxifloxacin/ethionamide (n = 2),
and unknown (n = 2). TPT use varied by country.

894 « CID 2023:77 (15 September) « Krishnan et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad301#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad301#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad301#supplementary-data

1016 HHCs of 308 RR/MDR-TB index cases
from 284 households

enrolled and evaluated for baseline TB

Moved away, n =59

Declined to enroll in 1 year visit, n = 53
Could not be contacted, n = 36

Other reason, n =18

For TBD Analyses

850 HHCs from 247 HHs assessed at 1 year

(re-enrolled in 1 year visit or died [n=6])

For TBI Analyses

A

742 HHCs from 243 Households
at risk of incident TBD

(had negative TBD evaluation at enrollment,
including children aged <5 years)

Figure 1.

¥

255 HHCs eligible for repeat IGRA

(age 25y and IGRA-/indeterminate at enrollment)

IGRA not done, n=10
------ * Indeterminate repeat IGRA, n=1

IGRA+ at entry, n=2
Y

242 HHCs from 131 Households

at risk of incident TBI
(had determinate IGRA result at 1 year visit)

Flow from baseline enrollment of the index MDR TB cases and HHCs to HHCs reassessed at 1 year (from 247 households) who were either at risk of TBD or TBI.

TBD and TBI analyses were completed separately, as all HHCs at risk of incident TBD were not necessarily at risk of incident TBI. Abbreviations: HHC, household contact;
IGRA, interferon-gamma release assay; MDR, multidrug-resistant; RR, rifampin-resistant; TB, tuberculosis; TBD, tuberculosis disease; TBI, tuberculosis infection.

DISCUSSION

This study of RR/MDR TB HHCs from multiple high-burden
countries demonstrates the importance of ongoing HHC evalu-
ation after index case exposure and provides key evidence of in-
cident TBI and TBD at 1 year. Despite index case treatment and
comprehensive HHC TBI and TBD evaluation at baseline, 1 year
later, we identified a 21.6% TBI cumulative incidence by IGRA
conversion in HHCs aged >5 years, a 2.3% TBD cumulative in-
cidence in HHCs of all ages, and a 1.1% cumulative incidence of
confirmed/probable TBD, highlighting the importance of
longer-term follow-up of MDR TB HHCs. We observed
age-specific differences, with incident TBI being significantly
higher in adolescents/adults aged >15 years compared with chil-
dren aged 5 to <15 years (25.5% vs 10.9%). Importantly, our
high-risk population was especially vulnerable to TBD develop-
ment (2.7% cumulative incidence high-risk vs 0.5% not high-
risk), with the highest incidence among children aged <5 years
(7.0%) and PWH (6.8%). We observed a significantly higher rel-
ative risk of TBD in children <5. Although this group was high-
risk for TBD development, only 4% received TPT. Our data from
one of the largest multinational studies add to the evidence that
describes the ongoing risk of progressing to TBI and TBD after
household RR/MDR TB exposure. Low TPT coverage of high-
risk HHCs despite this risk underscores the urgent need to

identify and scale-up effective TPT regimens in this vulnerable
population.

After reporting a 72% baseline TBI prevalence (by IGRA or
TST) among recently exposed HHCs [11], we observed a 21.6%
1-year TBI cumulative incidence in HHCs aged >5 years
by IGRA. In comparison to our 22.1% PWH TBI cumulative
incidence, Kenyan PWH had a 12.5% IGRA conversion rate
1 year postpartum [14] vs 9% in PWH in a low-incidence re-
gion [15]. We found cumulative incident TBI was substantially
higher among adolescents/adults (aged >15 years, 25.5%) com-
pared with children (aged 5 to <15 years, 10.9%), mirroring
age-specific TBI prevalence trends [7, 16]. Our pediatric TBI cu-
mulative incidence was similar to the 14% IGRA conversion rate
of a South African cohort (aged 12-18 years) [17]. We notably
did not IGRA test children aged <5 years at 1 year. A TBI inci-
dence of 11.8%-56% has been reported in HHCs in high-burden
TB regions (by IGRA and TST) [18, 19]. While TBI prevalence
studies in HHCs of drug-resistant TB have been conducted (by
TST screening) [16, 20], to our knowledge, a large multicountry
study from high-burden TB regions has not provided a 1-year
TBI incidence estimate from RR/MDR TB HHCs measuring
IGRA conversion. Some of our high TBI incidences may be at-
tributed to delayed IGRA conversion following household infec-
tion or could reflect infection originating from the community.
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Table 1.

Comparison of Baseline Characteristics of Rifampin-Resistant Multidrug-Resistant Tuberculosis Household Contacts at Baseline and 1-Year

Visits

Baseline Characteristic Baseline Visit (n=1016) 1-Year Visit® (n =850) P Value®
Median age, (interquartile range), y 25 (12, 43) 25 (11, 43) 48
Sex® .94

Female 598 (59%) 501 (69%)

Male 418 (41%) 349 (41%)
Age group, y .52

<5 103 (10%) 89 (10%)

5to <15 201 (20%) 171 (20%)

15 to <45 477 (47 %) 387 (46%)

>45 235 (23%) 203 (24%)
HIV status .40

Diagnosed with HIV 65 (6%) 50 (6%)

Not diagnosed with HIV or unknown 951 (94%) 800 (94 %)
TB risk? 66

Not high-risk 232 (23%) 200 (24%)

High-risk® 775 (76%) 641 (75%)

Age <5y 102 (13%) 88 (14%)

Diagnosed with HIV 63 (8%) 49 (8%)

TB infection-positive 610 (79%) 504 (79%)
Country <.01

Botswana 38 (4%) 37 (4%)

Brazil 17 (2%) 17 (2%)

Haiti 52 (5%) 39 (5%)

India 206 (20%) 190 (22%)

Kenya 12 (1%) 10 (1%)

Peru 203 (20%) 181 (21%)

South Africa 458 (45%) 348 (41%)

Thailand 30 (3%) 28 (3%)
Employed/in school 504 (50%) 412 (48%) .07
Highest education attained A7

None 246 (24%) 213 (25%)

Primary 328 (32%) 283 (33%)

Secondary 351 (35%) 275 (32%)

College/university or higher 83 (8%) 71 (8%)

Unknown 8 (1%) 8 (1%)
History of incarceration 21 (2%) 15 (2%) .79
Medical history

Current or former smoker 212 (21%) 165 (19%) .28

Self-reported diabetes 26 (3%) 24 (3%) .02

Daily alcohol consumption’ 60 (6%) 39 (5%) .01

History of substance use’ 59 (6%) 43 (5%) .05

Prior history of TB treatment 89 (9%) 73 (9%) .56

Abbreviations: HIV, human immunodeficiency virus; TB, tuberculosis.

“Includes n =6 individuals who died between baseline and 1-year visit. Individuals who were TB infection (TBI)-positive at baseline were not tested again for TBI, but were assessed for

tuberculosis disease.

bScore test from generalized estimating equations models.

°Information on gender was not collected, which might differ from sex assigned at birth.
9Excludes 9 household contacts diagnosed with TB before initial study entry.

°High-risk defined as age <5 years (regardless of HIV and TBI status); age >5 years and diagnosed with HIV (regardless of TBI status); or age >5 years, not diagnosed with HIV/unknown and

TBI-positive at entry via tuberculin skin test or interferon-gamma release assay.

fAlcohol and substance use were self-reported with a 12-month recall period. Alcohol use was defined as a time or times drinking alcoholic beverages almost every day.

This is supported by our higher TBI incidence in adults/adoles-
cents vs children, emphasizing the need to prioritize TPT and
follow-up in this population. Nevertheless, the incidence of in-
fection is much higher than the annual risk of infection in the
general population [21], suggesting that many new cases of

infection originated from household exposure and highlighting
that our RR/MDR TB HHC population is especially vulnerable
to incident TBL

Our highest TBD incidence proportions and relative risk
occurred in high-risk groups, specifically PWH and children.
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Figure 2.  One-year cumulative incidence of TB infection (TBI) and TB disease (TBD) in household contacts of rifampin- or multidrug-resistant TB index cases. One-year
cumulative incidence of TBI defined by IGRA conversion with comparisons made between age groups (4) and HIV status (B). One-year cumulative incidence of TBD stratified
by confirmed/probable TB and possible disease with comparisons made between age groups (C)and risk group (D). High-risk group includes age <5 (regardless of HIV and TBI
status); age >b years diagnosed with HIV (regardless of TBI status); and age >5, and not diagnosed with HIV, baseline TST/IGRA positive. Cumulative incidence estimated
using generalized estimated equations to account for household clustering. Longitudinal bars represent 95% confidence intervals. Abbreviations: HIV, human immunodefi-
ciency virus; IGRA, interferon-gamma release assay; TB, tuberculosis; TST, tuberculin skin test.

Our 6.6% TBD incidence in PWH (all ages) is similar to that
from a prospective South African HHC cohort study of TBD
incidence rate (PWH, 5.4/100 person-years vs not diagnosed
with HIV, 0.7/100 person-years) [22]. While our TBD inci-
dence between PWH and not diagnosed with HIV/unknown
(6.6% vs 1.9%) was not statistically significant, this was likely
due to a small PWH sample size. We observed a significantly
higher TBD cumulative incidence among children, including a
7% TBD cumulative incidence in children aged <5 years, consis-
tent with reports of a 2-year TBD risk of 19% among IGRA/TST
+ children (aged 2-5 years) [5] vs a South African TBD incidence
0f 2.9/100 child-years [23]. While our incidence in children is par-
ticularly high, it could reflect the more rapid progression from ex-
posure to TBD in children, the prolonged infectious periods in
MDR TB index cases, or the relative immunocompromised state

of young children [24]. Notably, this cumulative incidence oc-
curred despite 20% (11 of 55) of children aged <5 years receiving
TPT. Common to many cohort studies, inclusion of possible TB
in children aged <15 years could also account for this high inci-
dence, as many events were not confirmed microbiologically.
Similar to our 2.3% TBD cumulative incidence, a meta-analysis
of contacts of drug-sensitive and drug-resistant TB cases in
LMICs showed the highest TBD incidence in the first year (1.5/
100 person-years) and declining to 0.5/100 person-years at 3 years
[7]. Specific to MDR TB index cases, the HHC TBD incidence in
high- and middle-TB burden countries has ranged from 0.2 to 4.0
per 100 person-years [25-30]. Overall, our TBD incidence find-
ings highlight that easy-to-measure risk factors in HHCs, such
as age and HIV status, could be used to target those at risk for
TBD progression.
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Table 2. Relative Risk of Incident Tuberculosis Disease in
Rifampin-Resistant Multidrug-Resistant Tuberculosis Household Contacts
at 1-Year Follow-up

Table3. Summary of Tuberculosis Preventive Treatment Use in High-Risk
Rifampin-Resistant Multidrug-Resistant Tuberculosis Household Contacts
by 1 Year

Relative Risk of Incident TB

Household Contact Risk Disease (95% Confidence Overall P
Group? Interval)®<¢ Value
Age <5y 11.5(1.7-78.7) .0015
Diagnosed with human 10.4 (2.4-45.6)

immunodeficiency virus
TB infection-positive 2.9(.5,17.8)

Not high-risk

Abbreviation: TB, tuberculosis.

Reference group

“High-risk defined as age <5 years (regardless of human immunodeficiency virus (HIV) and
TB infection (TBI) status); age >5 years and diagnosed with HIV (regardless of TBI status); or
age >5 years, not diagnosed with HIV/unknown and TBI-positive at entry via tuberculin skin
test or interferon-gamma release assay.

5L og-binominal regression fitted using generalized estimating equations to account for
clustering within households. Relative risks use household contacts who were
categorized as not high-risk as the reference group.

°TB disease includes confirmed, possible, and probable TB disease.

%Wald 95% confidence interval, estimated using empirical standard errors.

Finally, overall low TPT coverage in our study mirrors the
slow progress to expand TPT among HHCs globally [31] and
reflects the limited-quality data to guide TPT for MDR TB con-
tacts. Despite a reported willingness to take part in an MDR TB
TPT regimen [32], only 4% of high-risk HHCs received TPT by
1 year. Children aged <5 years were the most common high-
risk group to receive TPT, and the most common regimen
was isoniazid monotherapy, followed by isoniazid/fluoroquin-
olone paired with ethambutol or ethionamide, based on local
practice. This supports literature describing the heterogeneity
of TPT regimens used in RR/MDR TB contacts [4], highlight-
ing the need for ongoing randomized, controlled trials to eval-
uate fluoroquinolone-based regimens vs newer alternatives
such as delamanid.

Our study has some limitations. There is no gold standard for
TBI diagnosis, and IGRA can have reduced sensitivity in PWH
and poor reproducibility on repeat testing [33]. While we esti-
mated TBI incidence, we lacked data on the precise timing of
IGRA conversions, qualitative IGRA results, and reversion rates.
Next, we could not determine whether incident TBD represented
community or household transmission, as many events were not
bacteriologically confirmed. Similarly, TBI could be due to house-
hold exposure or from an alternative source. While we estimated
the relative risk of TBD in high-risk groups, the CIs were large,
reflecting in part low event numbers. Our TBI and TBD cumula-
tive incidence could be an underestimate, given our inability to
follow 16.3% of participants; conversely, our TBD cumulative in-
cidence could be an overestimate, given our inclusion of possible
TBD. Finally, we were less likely to reenroll those with diabetes,
daily alcohol consumption, and substance use, all known to be as-
sociated with adverse TBD outcomes, highlighting the need to
better determine strategies for reidentifying these vulnerable
populations.

No TPT, Receipt of TPT,

Characteristic n (%) n (%)
Overall® 528 (96) 21 (4)
High-risk group®

Age <5y 44 (80) 11 (20)

Living with human immunodeficiency 39 (87) 6 (13)

virus

Tuberculosis infection-positive 445 (99) 4(1)
Regimen

INH/LVX/EMB

INH 12

INH/MOX/ETH 2

Unknown 2
Country

Botswana 18 (100) 0 (0)

Brazil 9 (90) 1(10)

Haiti 29 (100) 0(0)

India 129 (98) 3(2)

Kenya 5 (83) 1(17)

Peru 94 (100) 0 (0)

South Africa 228 (93) 16 (7)

Thailand 16 (100) 0 (0)

Abbreviations: EMB, ethambutol; ETH, ethionamide; INH, isoniazid; LVX, levofloxacin;
MOX, moxifloxacin; TPT, tuberculosis preventive treatment.

#Excluding n =4 individuals for whom receipt of TPT was unknown.

PHigh-risk defined as age <5 years (regardless of human immunodeficiency virus (HIV) and
tuberculosis infection (TBI) status); age >5 years and diagnosed with HIV (regardless of TBI
status); or age >5 years, not diagnosed with HIV/unknown and TBI-positive at entry via
tuberculin skin test or interferon-gamma release assay.

In summary, our baseline and 1-year analyses of HHCs of RR/
MDR TB in multiple high-burden countries suggest that while the
highest risk of TBI and TBD acquisition occurs soon after house-
hold RR/MDR TB exposure, the risk continues through the first
year. High-risk HHCs (children aged <5 years, PLWH, and those
with TBI) contributed most of the TBD events (94%) and had a sig-
nificantly higher relative risk of TBD. Furthermore, by 1 year,
21.6% HHCs aged>5 years had developed TBI. Given the costs as-
sociated with contact tracing and TPT administration, these data
could inform programmatic strategies, including targeted TPT
provision in resource-limited settings. The development of inci-
dent TBI and TBD following initial assessment suggests that reas-
sessment, particularly in high-risk HHCs, may be beneficial. Last,
low TPT use among this high-risk population underscores the
need for effective strategies to expand HHC coverage in high-
burden regions and provides evidence for key groups to target
in programmatic settings.
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